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Introduction
Objective
The objective of this study was to evaluate changes in vertical dimensions during orthodontic
treatment of adults. A previous study has suggested that increases in vertical dimension in treated
children are compensated for by growth ]. This suggests that in adults, molar extrusion during
treatment will result in backward rotation of the mandible and increased lower facial height.
Pretreatment facial and dental traits of adults may predispose them to increased risk of vertical
dimension increase during treatment, and some treatments may also increase that risk.
Background
Orthodontic treatment must begin with diagnosis of the patient’s skeletal and dental problems.
Treatment planning must be based on realistic treatment goals. Treatment mechanics will be dictated
by the treatment goals determined for both dental and skeletal aspects in all three planes of space. The
horizontal dimension is usually the most in need of correction, but the vertical dimension will always be
involved, in both the position of the jaws and the position of the teeth within each jaw. The esthetics of
a person’s facial profile, in both the horizontal and vertical dimensions, are significantly affected by
mandibular position and size. A practitioner must work within the physical constraints of the patient’s
dentition and skeleton, but the end result of dental (occlusal) correction should not worsen the facial
(skeletal) esthetics. For example, a patient with a short face can afford a mild increase in vertical
dimension, but a long face or openbite patient should not gain facial length from treatment
History
Orthodontic treatment began to develop in the late 1800s when Edward Angle introduced his
classification system for malocclusions [2]. Not many practitioners now use his methods of treatment,
but his system for categorizing malocclusions is still in standard use. Most malocclusions are a result of
disharmonies in the AP plane, but many also have a vertical component. The Angle system, however,
is based only on the horizontal (antero-posterior or AP) dimension, although the human head can be
evaluated in three perpendicular planes of space. A Class I malocclusion is correct in the AP plane,
with problems in the other planes or alignment. Class II is the result of lower teeth being too posterior
when compared with the upper teeth, which can be the result of a protrusive upper jaw or teeth, a
retrusive lower jaw or teeth, or a combination. In Class III the lower teeth or jaw are anterior to the
upper.
Sassouni was one of the first investigators to bring attention to the vertical dimension in
orthodontic diagnosis [3]. Tweed recognized the importance of the steepness of the mandibular plane
and the lower incisor angle in relation to facial esthetic [4]. Many patients present with a deep or open
bite, or a short or long face, in addition to the common problems of malalignment and AP skeletal or
dental discrepancies. Practitioners must be aware of the vertical dimension before, during, and after
treatment. There are vertical ramifications of treatments in the horizontal plane, and we need to plan for
them.
The use of lateral cephalograms to help diagnose skeletal and dental malocclusions has been a
common practice since the 1940s. Measurements are made in the antero-posterior and vertical
dimensions in order to diagnose skeletal disharmonies [5]. Cephalometric evaluation of the vertical
dimension includes measurement of linear distances and angles between landmarks. Several methods
exist to evaluate facial heights. Total anterior facial height is measured from nasion to menton. Lower
anterior facial height is measured from anterior nasal spine to menton (see figure 2). The angle of the
mandibular plane line to the sella-nasion line reflects the steepness and position of the mandible and the
magnitude of the anterior facial height (see figure 3). Cephalometric evaluation aids in skeletal and
dental diagnosis and in formulation of the correct treatment goals for each patient.
Orthodontic Treatment Goals
One objective of orthodontic treatment is to improve or maintain a patient’s facial esthetics.
Hence, a practitioner must attempt to correct the patient’s dental and skeletal malocclusions without
making esthetic and profile problems worse. Dental malalignment has to be corrected in a way that will
be healthy and stable, which sometimes requires the extraction of teeth. Many methods of orthodontic
space closure exist that can be used to close the spaces. A deep bite will require bite opening, and an
open bite will require bite closing. A skeletal malocclusion may require growth modification, dental
camouflage, or orthognathic surgery. Whether the patient is a child or adult, treatment goals must be
identified, and treatment mechanics devised to meet them prior to treatment [6].
Extrusive Effects of Treatment Mechanics
Careful control of the vertical dimension during orthodontic treatment has long been
recognized as important to a successful and esthetic outcome. The mechanics involved in correcting a
dental malocclusion are significantly influenced by control of the vertical dimension [7], especially in
adults [8, 9]. Treatment mechanics that extrude posterior teeth will hinge the mandible back, open the
bite, and lengthen the anterior vertical dimension. A backward rotation of the mandible makes a Class
II molar relationship worse, increasing the horizontal distance needed to correct to a dental Class I. In a
growing patient, the hinging back of the mandible will also negate the Class II-correcting influence of
normal forward growth. Melson states: "Condylar growth and vertical development of the alveolar
process during childhood allows tooth movement to be partly extrusive. In the adult patient, extrusion
of teeth in the posterior segment will lead to an opening of the bite through backward rotation of the
mandible, i.e., an increase in facial height and in overjet."[8]. Occasionally those vertical side-effects
are desirable, in some cases counteractive measures can be used, and sometimes those treatment
mechanics must be avoided altogether.
Space closure can involve protraction of the posterior teeth, which can have the effect of
extrusion, especially when significant tipping of molars is involved. Class II correction also usually
involves moving posterior teeth, sometimes the uppers distally (in non-extraction cases) or the lowers
mesially (in extraction cases). Again, with some methods there is the risk of extrusion. One frequently
used method of space closure and interocclusal correction is the use of Class II elastics. The side
effects of the elastics are lower molar and upper anterior extrusion, with a steepening of the occlusal
plane. Along with this lower molar extrusion can come backward rotation of the mandible.
Overbite correction can also have extrusive side effects, depending on the method used.
Absolute intrusion of the upper or lower incisors puts a tipping moment and a small extrusive force on
the posterior teeth. Relative intrusion of the lower incisors is a nice way of rephrasing posterior
extrusion. Posterior teeth may be extruded in many ways 10], and often that extrusion is an unwanted
side effect of the treatment mechanics selected for other dental corrections.
The headgear appliance provides an effective method of counteracting or controlling posterior
extrusion. Headgears are frequently also used for skeletal Class II correction in children and
adolescents, and for growth modification of the maxilla.
Growth modification allows jaw growth, or restriction ofjaw growth, to contribute to the
correction of dental and skeletal discrepancies. In some cases, unfortunately, the natural direction of
growth can work against dental and esthetic correction. Growing patients with significant potential for
excessive vertical growth may get worse in their skeletal disharmonies. Vertical dimension change due
to the growth of the mandible is not only due to increase in size but also to the direction of its growth
rotation. Bjork 11, 12] placed metal implants in the mandible and maxilla of growing patients, and
cephalometrically evaluated the amount ofmandibular growth and the direction of its growth rotation
over time. He found that forward rotation was more common, with more growth in the horizontal plane
than in the vertical, and greater posterior facial height growth than anterior. Backward rotators grow
more in a vertical direction, with greater anterior facial height increases than posterior.
Many investigators have attempted to find pretreatment variables that help predict the direction
of mandibular growth rotation 13, 14]. While many of the prediction schemes are useful, none have
fully defined the variables for accurate prediction of the direction ofmandibular growth rotation.
Patients suspected to be vertical growers need to receive different treatment mechanics to help prevent
adverse effects on final esthetics and occlusal correction 15, 16]. High pull headgear is highly
recommended for vertical growers, both to control any extrusive side effects of treatment and to effect a
positive change in the growth pattern 17].
Control of the Vertical Dimension During Treatment
Headgears are often used in younger patients to aid in the horizontal occlusal correction
(distalization) of upper molars, and for growth restriction of the normal downward and forward growth
of the maxilla. In both children and adult patients highpull headgear is also very useful in controlling
the extrusion of upper molars. High pull headgear usually attaches to the maxillary first molar, and has
a strap that crosses the top of the head. The direction of the force applied to the molar varies with the
design of the facebow, but is usually designed to apply an upward (intrusive) and backward (distalizing)
force 18]. Highpull headgears have been shown to be effective in restraining the molars from their
normal downward and forward growth and eruption patterns [19]. Cervical headgears, which have a
neck strap, are designed to apply a downward (extrusive) and backward (distalizing) force to the
maxillary molar. They are useful in horizontal molar correction, but they have been shown to cause
vertical molar extrusion 19], that can result in backward mandibular rotation.
Vertical pull chin cups have been advocated to help close open bites in children [20].
However they are ineffective in adults 17]. They may also be helpful in negating the molar extrusive
side effects of rapid palatal expansion and for growth modification 17, 21 ].
Unfortunately, all treatment with a headgear or chin-cup, whether for dental movement,
growth modification, or control of the vertical dimension, is compliance dependent. Compliance is
variable, both in children and adults. Some children are willing to cooperate with the treatment
recommendations. Most adults in treatment today have more specific and involved dental needs [22,
23], but many are unwilling to wear a headgear or chin-cup, even just at night. In addition, adults do
not have the growth potential of children and adolescents. This eliminates the risk of growth working
against occlusal correction, but it also eliminates the vertical and horizontal growth space within which
occlusal corrections can be made in children. If available, forward growth of the mandible and mesial
eruption of the lower molar are useful aids in the correction from Class II to Class I. In adults, all
correction must be from dental movement alone. Anchorage loss in the maxillary molar must be
minimized if full correction is to be achieved [24]. Class II elastics are frequently used for long periods
in adults to assist with dental correction, but pose significant risk of increasing the vertical dimension
from molar extrusion. The end result is that orthodontic treatment for adults has a greater probability of
increasing the vertical dimension.
Melsen [8] lists six methods of vertical control that can be used on adults: highpull headgear,
mandibular cervical headgear, chin-cup, bite block, magnetic forces, and myofunctional therapy. All,
however, have drawbacks, such as serious mechanical side effects, and some are of questionable
effectiveness. If a patient with critical need for vertical dimension control will not wear a highpull
headgear, it is prudent to expect some molar extrusion from dental-only anchorage and mechanics, and
to include an orthognathic surgical plan in the treatment options if the vertical dimension should
increase excessively.
Evaluation of Vertical Dimension
Many studies have investigated vertical dimension changes. Studies investigating normal
vertical growth in children and adolescents have shown that significant downward and forward growth
of the face is due in great part to increase in length of the ramus and mandibular body, and to growth
rotation [25]. In evaluating the effects of headgears on Class II growing patients, Wieslander [26], and
Brown 19] found that cervical headgear treatment did result in an increase in vertical dimension
measurements. Schudy [15] and Creekmore [27] found that patients with steep mandibular planes
treated with cervical headgears had increases in the mandibular plane angles. Ricketts [28] found that
with the same treatments, dolichofacial patients had greater increases in vertical dimension than
brachyfacial patients. Frequently the increases in vertical dimension were associated with molar
extrusion [29]. Boecler [30], Baumrind [31 ], and Burke and Jacobsen [32] found that there was no
difference in the vertical dimension of patients treated with highpull versus cervical headgears.
Hubbard [33] found no increases in vertical dimension in patients treated with cervical headgears.
Extractions and different methods of space closure can effect the vertical dimension. Some
authors have advocated four bicuspid extraction as a way to "close the bite down" skeletally 15, 34].
As the molars move mesially (supposedly without any extrusion) during space closure, the mandible
can rotate forward. Some investigators have found no difference between the vertical effects in
extraction and non-extraction cases [35-39]. Yamaguchi [40] found that the small differences in molar
extrusion were dependent on the use of Class II elastics, not on extraction.
Few investigations have compared the vertical dimension changes in adults. Dyer, Harris, and
Vaden [24, 41] investigated 30 adolescent girls and 26 adult women who were all Class II, division 1,
treated with four bicuspid extraction. All of the patients were treated with high pull j-hook headgear
and Class II elastics. The adults had more than one year in Class II elastics, and the adolescents had
about 4 months (total length of treatment was the same). The data for adults showed little change in the
lower anterior facial heights, but significant steepening of the occlusal plane, extrusion of the lower
molars, and some backward rotation of the mandible. For adolescents, the increase in lower facial
height was significant, but was attributed (not compared) to normal growth. The adolescents did not
have a significant steepening of the occlusal plane, but did have forward rotation growth of the
mandible. Post-retention relapse in the same patients was evaluated five years later [42], and showed
no relapse in vertical dimension in the adults. Significant steepening of the functional occlusal plane
was also seen in another study of adult Class II correction by Vaden [9].
McDowell investigated overbite correction [43] on growing and non-growing patients who had
deep bites leveled with (extrusive) straight-wire mechanics. He found that the adults had a significant
increase in mandibular plane angle (of 1.1 o) and molar extrusion (of 1.3 mm) during treatment. The
adolescents in the study had more molar extrusion but maintained their mandibular plane angles,
supporting Glynn’s 1] conclusion that growing patients have the capacity to vertically accommodate
extrusive effects during treatment.
In summary, while there has been much research into the effects of orthodontic treatment on
growing patients, there is less documented knowledge of the effects on adults. The number of adult
patients in the average orthodontic practice has increased to 20% [44]. Evidence is mounting that the
skeletal vertical dimension in adults is more affected by treatment mechanics than in growing patients
1, 24]. In particular, while much effort has been put forth into predicting mandibular growth rotation
in growing patients 13, 14], no one has investigated the factors behind adult mandibular rotation in
orthodontic treatment. The rules of diagnosis for children may well be inappropriate for adults better
criteria need to be developed. The present study investigates the vertical effects of treatment on adults,
to determine whether or not significant increases in vertical dimension occur during treatment, and
which patients are most likely to experience side effects. Better prediction of vertical effects of
particular treatments will facilitate better treatment planning decisions.
Rationale
More and more adults are seeking orthodontic treatment [45], and for adults growth is not
available as an aid to dental or skeletal correction. Control of the vertical dimension is often crucial to
successful treatment. The main form of vertical control used in children and adolescents, the use of
extra-oral anchorage headgears, is usually unrealistic for adults. Evaluation of the actual vertical
changes that have occurred during treatment will help us assess the effects of treatment and the amount
of change that is acceptable.
Specific Aims
1. Evaluate (from pre and post-treatment cephalometrics) any vertical dimension changes that
occur during orthodontic treatment of adults.
2. Evaluate any vertical dimension characteristic differences between subgroups.
3. Evaluate any differences between the subgroups in their vertical response to treatments.
Materials and Methods
Subjects
This was a retrospective study utilizing records from the University of Connecticut, Department of
Orthodontics. All available completed cases (-2500) were reviewed for inclusion in the study.
Inclusion criteria
1) Patient completed full orthodontic treatment in our clinic
2) Records include pre and post-treatment cephalograms of diagnostic quality
3) Each lateral cephalogram was taken within one year of initiating or completing treatment
4) Records include a complete description of the type and duration of treatment
5) Pre-treatment, the patient was a female over the age of sixteen or a male over the age of eighteen
6) No functional appliances were used during treatment
7) Any molar relationship and missing teeth were acceptable
8) Any patient planned to receive orthognathic surgery was excluded
There were 159 patients who qualified for this study. Outcome of treatment was not taken into
consideration.
Cephalometric Measurements
Each lateral ceph was hand traced by one investigator, the pretreatment in black ink, the
posttreatment in blue ink. Any bilateral structure that appeared as two images was identified by
bisection. The landmarks described in Table were identified on each ceph.
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Table 1: Landmarks
Sella
Nasion
Porion
Basion
Hinge Axis
Pterygoid
Orbitale
ANS
PNS
A-point
B-point
PM
Pogonion
Menton
Corpus Left
Ramus Down
Articulare
R3
R1
mx crown
mx root
md crown
md root
Occlusal Plane
mx 6 distal
mx 6 root
md 6 distal
md 6 root
Center of sella tursica
Intersection of frontal and nasal bones
Most superior point of of machine porion
Most inferior point of the occipital bone
Center of rotation of the condyle
Eleven o’clock position of the pterygoid fissure
Most inferior point of the orbital contour
Tip of the anterior nasal spine
Tip of the posterior nasal spine
Deepest point between ANS and the upper incisal alveolus
Deepest point between pogonion and the lower incisal alveolus
Point where curvature changes between B-point and pogonion
Most anterior point of the symphysis
Most inferior point on the symphyseal outline
Left point of a tangent to the inferior border of the corpus
Lower point of a tangent to the posterior border of the ramus
Intersection of inferior cranial base surface and posterior surface of condyle
Most inferior point of the sigmoid notch of the ramus
Deepest point on the curve of the anterior border of the ramus
Tip of the crown of the upper incisor
Tip of the root of the upper incisor
Tip of the crown of the lower incisor
Tip of the root of the lower incisor
Midpoint between upper and lower first bicuspid
Distal contact point of maxillary first molar 2 mm above occlusal plane
Distal buccal root of maxillary first molar
Distal contact point of mandibular first molar 2mm below occlusal plane
Distal root of mandibular first molar
Each lateral cephalogram was traced individually, and for each patient the pre- and post-
treatment tracings were superimposed by one investigator with a best fit on the anterior cranial base
structures. It was verified visually that Sella, Nasion, Basion, ANS, PNS, and Orbitale were coincident.
This also insured that no error about the growth status of the patient had been made. The location of the
pretreatment machine Potion was transferred to the posttreatment tracing to give a stable reference line
between cephs. The cephalograms with their tracings were then digitized with the QuickCeph Image
software program (Orthodontic Processing, Coronado, CA) and a Power Macintosh 7100. From the
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points digitized, the measurements in Table 2 were programmed to be made by the QuickCeph software
on each ceph:
Table 2: Cephalometric Measurements
Dental Heights:
Upper anterior dentoalveolar height
Lower anterior dentoalveolar height
Mandibular molar to mandibular plane
Maxillary molar to palatal plane
Facial angles:
Maxilla to Mandible
Cranial base relative to maxilla
Cranial base relative to mandible
Y-axis angle
Facial Heights:
Total anterior facial height
Lower anterior facial height
Upper anterior facial height
Total posterior facial height
Lower posterior facial height
Facial Planes:
Mandibular Plane Angle
Occlusal Plane Angle
Palatal plane angle
to ANS-PNS see figure
to MP see figure
6 to MP see figure
6 to ANS-PNS see figure
ANB see figure 4
SNA see figure 4
SNB see figure 4
N-S-Pg see figure 3
N-Me see figure 2
ANS-M see figure 2
N-ANS see figure 2
S-Go see figure 4
Ar-Go see figure 4
SN-GoMe see figure 3
SN-OP see figure 3
ANS-PNS to NS see figure 3
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Figure I
Anterlo
Height
Figure 2
Figure 3
Posterio
Facial
Lower
Posterio
Facial
Height
Figure 4
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Each lateral ceph with its tracing was digitized into QuickCeph, and the measurements for all
the lines and angles were recorded and downloaded into MS Excel.
The following demographic and treatment data was collected from each of the patient charts"
gender, date of birth, treatment dates, x-ray dates, and treatments used: headgears, elastics (type), or
extractions. The data is summarized in Table 3.
Table 3" Patient Demographic and Treatment Data
M--24157
F=133
22MNo Headgear 99 77F
Average
Standard dev.
2MHeadgear 58 56F
Average
Standard dev.
10M
Non-extraction 58 48F
Average
Standard dev.
14M
Extraction 99 85F
Average
Standard dev.
10MNo elastic use 67 57F
Average
Standard dev.
14MElastics 90 76F
Average
Standard dev.
85Y 79Y99N 14N 20N
44Y 38Y58Y 14N 20N
14Y 58N 26Y44N 32N
44Y 64Y99Y55N 35N
20Y 35y 67N57N 32N
38Y 64Y 90Y52N 26N
M male, F female, Y yes, N no
27.5
9.5
22.4
6.9
25.9
9
25.4
9
27
8.8
24.5
9
26.7
11
30.3
9.7
21
8.4
32.1
9.6
26.2
10.8
29.4
10.3
2.11
2.37
3.15
2.71
2.58
2.53
2.45
2.57
2.72
2.72
2.33
2.42
56.3
2.7
55.7
2.1
55.7
2.8
56.2
2.3
56.2
2.3
55.9
2.7
0.662
0.053
0.663
0.059
0.67
0.059
0.657
0.052
0.667
O.O56
0.658
0.055
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Most of the data analysis was done on a subgroup of 99 patients that were treated without the
use of headgears. This part of the sample was treated without any additional or purposeful method of
vertical control. This gave the "worst case scenario" as far as clinician control of vertical dimension
during treatment. It may be indicative of a patient sample that does not require critical vertical control,
or it may simply represent a population that would not wear headgear by choice. The demographic and
treatment data for the non-headgear group is shown in Table 4.
Table 4: Non-Headgear treatment Patient Demographic and Treatment Data
Non-extraction 44
Average
Standard dev.
Extraction 55
Average
Standard dev.
No elastic use 47
Average
Standard dev.
Used elastics 52
Average
Standard dev.
43F 31Y55Y12M 24N
37F 24Y 47N10M 23N
40F 31Y 52Y12M 21N
28.2 20.8 2.32 55.7 0.664
8.9 9 2.57 3 0.056
29.9 31.4 1.95 56.7 0.66
10.1 10.1 2.21 2.4 0.051
28.8 25.6 2.2 56.3 0.663
8.7 11.4 2.58 2.5 0.053
26.3 27.7 2.04 56.2 0.66
10.2 10.6 2.19 3 0.054
Measurement Variables
The following eight vertical measurements were selected as variables in this study: overbite,
lower molar height, upper molar height, Y-axis, mandibular plane, occlusal plane, total anterior facial
height, and lower facial height. As discussed in the introduction, molar extrusion during treatment can
17
result in backward rotation of the mandible. Molar extrusion was measured by the change in molar
heights to their respective planes (upper 6 to palatal plane, lower 6 to mandibular plane). Mandibular
position change is measured by the change in Y-axis angle or mandibular plane angel. Mandibular
rotation may result in an increase in anterior facial heights, so total and lower heights were measured.
Occlusal plane changes were evaluated not so much for vertical dimension changes but for rotation or
steepening, a side effect of Class II elastics.
Measurement Errors
Ten sets of cephs were chosen at random and redigitzed. The method error was then calculated
according to the following formula [46]:
standard error (Sd2/2n)1/2
Where d is the difference between the two measurements, and n is the number of pairs.
The estimated error for all eight variables are in Table 5.
Table 5: Method Error Values
Overbite
Lower molar height
Upper molar height
Y-axis
Mandibular Plane
Occlusal Plane
Total anterior facial height
iLower facial height
Standard Error of Method
0.48 mm
0.75 mm
0.68 mm
0.76 dg
0.51 dg
0.97 dg
1.51 mm
0.93 mm
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Sample Subdivisions
The sample was subdivided on the basis of facial height, overbite, and treatments received.
For facial height, the sample’s means and standards deviations were determined, and the sample was
subdivided into three groups (short, long, and average facial heights). This was done twice, each by a
different method, based on the mean plus and minus one standard deviation. The subdivision of the
sample by facial heights was based on ratios, which helps eliminate the problems associated with the
large range of linear measurements found in facial sizes.
The first method was based on the ratio of lower anterior facial height to total anterior facial
height (or % LFH). This method deals with the anterior facial proportions only. Lower facial
proportion is a standard orthodontic measurement, where a normal percentage is roughly 55% of the
total facial height.
The second method was based on the ratio of posterior lower facial height to anterior lower
facial height (or PA ratio). If a patient has a short posterior facial height, the PA ratio may help explain
why the lower facial proportion is excessive. While both methods of subdivision resulted in similar
subgroup frequencies, many patients were categorized differently by each method.
The sample was also subdivided on the basis of overbite. This was a good choice because
tooth size in the vertical dimension does not have a great deal of variation within any sample. A
standard orthodontic definition was used: 4mm or more is a deep bite, and 0mm or less is an openbite.
The parameters are listed in Table 6. Additional subdivisions were based on elastic use and extractions.
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Table 6: Subdivision parameters
Mean Std Dev range
%LFH 56.26 2.74
short <=53.52
average 53.53-58.99
long >=59
PA ratio 0.6615 0.0529
short >=0.7144
average .7145-.6085
long <=.6086
Overbite 2.1mm 2.4mm
deep >=4mm
average 0-4mm
open <=0mm
count
16
69
14
14
72
13
19
61
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Statistical Analysis
Statistical analysis was performed with the Microsoft Excel 1997 software, and statistical
significance was held to a p-value level of less than 0.05 throughout. The various subgroups were
compared to each other for each of the measurement variables listed in Table 3. The three specific aims
listed in the introduction led order of comparisons made. Two tailed, unequal variance T-tests were
done to test each null hypothesis that the differences in vertical dimension were not different between
the various subgroups.
Pretreatment measurements were compared to posttreatment measurements within each
subgroup to evaluate the vertical changes that occurred during treatment. The small changes that occur
in each variable during treatment were not expected to be significant.
The second aim of this study was to evaluate differences in the characteristics of the
subgroups, both before and after treatment. This allowed us to determine if there were pre-existing
differences in the physical attributes of each group, and whether the differences carried through
treatment. One problem with averaging facial and dental heights within each subgroup is that we
combine large and small people. For example, a small woman will have significantly different facial
heights from a large man, but both may have a long face. Our sample is not large enough to support
carefully matched pairs or groups. Angular and ratio measurements are less subject to this problem,
2O
since they are not linear measurements. The comparisons were made between long-faced and short-
faced patients, open and deep-bite patients, extraction and non-extraction patients, and intermaxillary
elastic users and non-elastic users.
The third and most important part of this study was to evaluate if there were differences in
vertical response to treatment between the subgroups. The goal was to evaluate whether the short face
group reacted differently to treatment than the long face group. For each patient, the post-treatment
value was subtracted from the pre-treatment value, for each measurement. This calculated change for
each patient for each measurement constituted the dependent variable set. The mean change during
treatment was then tested for differences between the subgroups.
The data from all the inter-group comparisons is shown in table form. The tests that revealed a
significant difference in the mean change in a vertical dimension were illustrated graphically.
Results
The results will be reviewed according to subdivision groupings.
Open bite vs. Deep bite
The sample was divided into three groups based on their pre-treatment overbite" < 0 mm
openbite, 0-4 mm average, >4 mm deepbite. Pretreatment measurements were compared to
posttreatment measurements for each of the vertical dimension indicators for each group (Table 7).
Table 7: Pre and Posttreatment Comparisons, Grouped by Overbite
Pretreatment
Vertical Measurements mean std. dev.
Posttreatment
mean std. dev.
Y-axis (degrees)
Deep Bite Group Overbite (mm) 5.32 1.81 2.68 1.21 *
77.41 3.67 77.69 4.12
MP (degrees) 28.60 8.15
Anterior Facial Height (mm) 121.97 9.26
Lower Facial Height (mm) 68.05 8.56
Lower molar height (mm) 27.93 3.49
Upper molar height (mm) 18.58 3.83
Occlusal plane (degrees) 14.18 5.37
Open Bite Group Overbite -1.05 1.57
Y-axis 76.67 4.76
MP 35.11 7.41
29.13 7.81
123.16 8.98
68.89 8.70
28.34 3.72
19.22 3.34
13.27 4.78
0.94 0.94 *
76.84 4.49
35.33 7.58
Ant. FH 132.28 8.76 132.48 8.74
LFH 76.52 6.60 76.67 6.74
Lower molar height 30.54 3.71
Upper molar height 22.07 2.24
Occlusal plane 16.53 5.30
Average Group Overbite 2.10 1.04
Y-axis 75.53 3.74
MP 33.02 5.44
30.87 3.59
22.22 2.81
16.61 5.87
2.12 1.35
175.48 3.72
33.31 5.69
Occlusal plane
significant t-test comparison with p< 0.05
Ant. FH 128.17 7.34 128.85 7.62
LFH 73.54 6.65 74.17 6.68
Lower molar height 29.58 3.11 29.96 2.96
Upper molar height 21.49 2.95 21.88 3.12
16.29 5.22 16.02 5.52
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Overbite was the only measurement that yielded significant changes from pre to posttreatment,
but not in the average overbite group. The deep bite group had a significant mean overbite change from
5.3 mm to 2.7 ram. The open bite group had a significant mean overbite change from -1.0 mm to
0.9mm. Both of these changes would be consistent with treatment objectives. No other statistically
significant changes were found.
The deep bite group was compared to the open bite group for pre and posttreatment
measurements, and for absolute change during treatment. The results are in Table 8. The significant
results are also represented graphically in Figures 5-10.
Table 8: Deep and Open Bite Group Comparisons
Vertical Measurements
Pretreatment Overbite (mm)
Deep bite
Group
Open bite
Group
Occlusal plane
mean std. dev. mean std. dev.
5.32 1.81 -1.05 1.57"
Y-axis (degrees) 77.41 3.67 76.67 4.76
MP (degrees) 28.60 8.15 35.11 7.41"
Anterior Facial Height (mm) 121.97 9.26 132.28 8.76*
Lower Facial Height (mm) 68.05 8.56 76.52 6.60*
Lower molar height (mm) 27.93 3.49 30.54 3.71"
Upper molar height (mm) 18.58 3.83 22.07 2.24*
Occlusal plane (degrees) 14.18 5.37 16.53 5.30
Posttreatment Overbite 2.68 1.21 0.94 0.94"
Y-axis 77.69 4.12 76.84 4.49
MP 29.13 7.81 35.33 7.58*
Ant. FH 123.16 8.98 132.48 8.74*
LFH 68.89 8.70 76.67 6.74*
Lower molar height 28.34 3.72 30.87 3.59*
Upper molar height 19.22 3.34 22.22 2.81 *
13.27 4.78 16.61 5.87
OverbiteChange in 1.82 1.98
Upper molar height
* significant t-test comparison with p< 0.05
Occlusal plane -0.91 3.03 0.08 1.88
Y-axis 0.29 1.19 0.16 1.35
MP 0.53 1.67 0.22 0.98
Ant. FH 1.19 1.74 0.21 1.19"
LFH 0.84 1.62 0.15 1.25
Lower molar height 0.41 1.44 0.34 1.40
0.63 1.34 0.15 1.35
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The deep and openbite groups differed significantly in the following measurements" pre and
posttreatment overbite, change in overbite, pre and posttreatment mandibular plane angle, pre and
posttreatment anterior facial height, change in anterior facial height, pre and posttreatment lower facial
height, pre and posttreatment lower molar height, and pre and posttreatment upper molar height.
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Mean Deep bite
group
Mean Open bite group
Figure 5: Overbite Comparisons, Grouped By Overbite
As seen in figure 5, the deep and open bite groups were significantly different in overbite both
before and after treatment. The deepbite group had a larger overbite both before and after treatment,
even though it was reduced significantly during treatment. The openbite group had less overbite, both
before and after treatment, even though it was significantly increased during treatment.
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Mean Deep bite
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Figure 6" MP Comparisons, Grouped by Overbite
24
As seen in figure 6, the open bite group had a significantly steeper mandibular plane angle than
the deep bite group, both before and after treatment. Both groups had mandibular plane increased
during treatment, but not significantly.
Figure 7: Anterior Facial Height Comparisons, Grouped by Overbite
1.8
1.6
1.4
1.2
0.8
0.6
0.4
0.2
-0.2
Figure 8" Change in Anterior Facial Height, Grouped by Overbite
As seen in figures 7 and 8, the openbite group had a significantly larger anterior facial height
than the deepbite group, both before and after treatment. The deepbite group gained significantly more
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facial height than the openbite group during treatment, but note that the relative amount of change (in
either group) compared to the total height is very small.
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Figure 9: LFH Comparisons, Grouped by Overbite
As seen in figure 9, the open bite group had a significantly longer lower facial height than the
deep bite group, both before and after treatment. The changes from pre to posttreatment between the
two groups were not significantly different.
Figure 10" Molar Height Comparisons, Grouped by Overbite
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As seen in figure 10, the open bite group had significantly longer molar heights than the deep
bite group both before and after treatment. The changes in molar heights were not significantly
different between the two groups.
The most significant finding from the open vs. deep bite comparisons is that the deep bite
group gained significantly (p 0.05) more anterior facial height (1.19 mm) than the open bite group
(0.21 mm) during treatment. The amount of overbite change was also significantly (p < 0.0001)
different between the two groups, but only because the changes were in opposite directions. The deep
bite group decreased (2.64 mm) in overbite, and the open bite group increased (1.98 mm).
Long face vs. Short face
The sample was divided up on the basis of facial heights by two different methods. Full
statistical calculations were done on both sets.
Lower Facial Height Percent
The first method of division was based on percentage of lower facial height to total facial
height. The divisions were: short face less than 53.52%, average 53.53-58.99%, and long face greater
than 59%. Pretreatment measurements were compared to posttreatment measurements for each of the
vertical dimension indicators for each group (Table 9).
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Table 9: Pre and Posttreatment Comparisons, Grouped by Facial Height
Long Face
Vertical Measurements
Overbite (mm)
Pre-
treatment
mean
1.82
std. dev.
2.59
Lower molar height (mm) 32.54 3.37
Upper molar height (mm) 23.67 3.38
Y-axis (degrees) 77.76 3.97
MP (degrees) 33.28 6.42
Occlusal plane (degrees) 14.03 5.26
Anterior Facial Height (mm) 132.19 7.61
Lower Facial Height (mm) 82.00 5.58
Short Face Overbite 3.91 2.43
Lower molar height 27.16 3.16
Upper molar height 18.79 3.66
Y-axis !75.49 3.46
MP 25.70 6.24
Occlusal plane 13.77 5.83
Ant. FH 120.86 10.17
Post-
treatment
mean
1.77
std. dev.
1.23
Average Face
32.69 3.64
24.42 3.68
78.03 3.96
33.11 6.45
13.21 6.76
132.07 7.52
82.01 5.38
2.49 1.23 *
27.71 2.73
19.19 3.37
75.21 3.64
26.32 5.90
13.52 5.72
122.33 10.10
LFH 63.50 5.96 64.52 6.33
Overbite 1.76 2.15 1.94 1.41
29.35
21.03
75.92
34.02
16.82
128.48
73.46
Lower molar height
Upper molar height
2.97
2.70
4.05
5.90
4.98
7.49
5.35
Y-axis
MP
Occlusal plane
Ant. FH
29.73 2.97
21.35 2.69
76.01 4.04
34.37 6.14
16.58
129.14
74.05LFH
4.99
7.75
5.66
* significant t-test comparison with p< 0.05
The short face patients classified by this method had significantly less overbite from
pretreatment to posttreatment. No other significant differences were found.
The long face group was compared to the short face group for pre and posttreatment
measurements, and for absolute change during treatment. The results are in Table 10. The significant
results are also represented graphically in Figures 11-15.
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Table 10: Long and Short Face Comparisons
Pretreatment
Vertical Measurements
Overbite (mm)
Lower molar height (mm)
Upper molar height (mm)
Y-axis (degrees)
MP (degrees)
Occlusal plane (degrees)
Anterior Facial Height (mm)
Lower Facial Height (mm)
Long face
group
Lower molar height
std. dev.
Short face
group
mean mean
1.82 2.59 3.91 2.43*
32.54 3.37 27.16 3.16"
23.67 3.38 18.79 3.66*
77.76 3.97 75.49 3.46
33.28 6.42 25.70 6.24*
14.03 5.26 13.77 5.83
132.19 i7.61 120.86 10.17"
82.00 5.58 63.50 5.96*
Posttreatment Overbite 1.77 1.23 2.49 1.23
32.69 3.64 27.71 !2.73"
Upper molar height
Y-axis
MP
Occlusal plane
Ant. FH
LFH
24.42 3.68 19.19 3.37*
78.03 3.96 75.21 3.64*
33.11 6.45 26.32 5.90*
13.21 6.76 13.52 5.72
132.07 7.52 122.33 10.10"
82.01 5.38 64.52 6.33*
Lower molar height
Change in Overbite -0.05 2.55 -1.42 1.94
0.15 0.85 0.54 1.78
0.75 1.39 0.41 1.55
,0.27 1.53 -0.28 1.18
-0.17 0.71
-0.81 2.63
-0.12 1.11
0.01 0.94
Upper molar height
Y-axis
MP
Occlusal plane
Ant. FH
LFH
0.62 1.52
-0.25 4.51
1.48 1.50"
1.02 1.60"
std. dev.
* significant t-test comparison with p< 0.05
The long and short face groups differed significantly in the following measurements:
pretreatment overbite, pre and posttreatment mandibular plane angle, pre and posttreatment anterior
facial height, change in anterior facial height, pre and posttreatment lower facial height, change in lower
facial height, pre and posttreatment lower molar height, and pre and posttreatment upper molar height.
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Figure 11" Overbite Comparisons, Grouped by Facial Height
As seen in figure 11, the short face group had significantly more overbite than the long face
group before treatment. Note that although there were similar posttreatment differences, the magnitude
was not statistically significant.
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Figure 12: MP Comparisons, Grouped by Facial Height
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gained significantly more facial height and lower facial height than the long face group during
treatment, but note that the relative amount of change (in either group) compared to the total height is
very small.
Figure 15: Molar Height Comparisons, Grouped by Facial Height
As seen in figure 15, the long face group had significantly longer molar heights than the short
face group both before and after treatment. The changes in molar heights were not significantly
different between the two groups.
The most important findings from the comparisons of this section were that the short face
group gained significantly more anterior facial height (p 0.002) and lower facial height (p 0.04) than
the long face group. The short face group gained 1.48 mm total facial height and 1.02 mm lower facial
height. The long face group lost 0.12 mm total facial height and gained 0.01 mm lower facial height.
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Posterior Anterior Ratio
The sample was divided up on the basis of facial heights by two different methods. The
second method was based on a ratio of posterior lower facial height to anterior lower facial height. The
divisions were" long face less than 0.61, average 0.7 0.61, and short face greater than 0.71.
Pretreatment measurements were compared to posttreatment measurements for each of the vertical
dimension indicators for each group (Table 11).
Table 11" Pre and Posttreatment Comparisons, Grouped by PA ratio Facial Height
Long Face
Vertical Measurements
Overbite (mm)
Pre-
treatment
Occlusal plane
mean std. dev.
2.79
Post-
treatment
mean
1.08
std. dev.
0.89
Lower molar height (mm) 29.85 2.66 30.97 2.79
Upper molar height (mm) 20.78 2.96 20.98 2.88
Y-axis (degrees) 73.68 3.51 73.72 3.61
MP (degrees) 42.71 3.61 43.08 3.94
Occlusal plane (degrees) 21.51 5.20 21.98 3.93
Anterior Facial Height (mm) 134.81 7.29 135.65 6.87
Lower Facial Height (mm) 78.75 5.44 79.74 4.86
Short Face Overbite 3.92 3.36 2.59 1.24
Lower molar height 29.12 4.72 29.34 4.21
Upper molar height 21.28 ,3.09 20.89 3.26
Y-axis 78.57 4.14 78.56 3.99
MP 21.77 3.17 22.06 2.38
9.41 3.46 9.50 2.62
10.59 122.73 9.95
8.75 66.68 8.16
1.67 2.06 1.39
3.23 29.71 3.19
3.34 21.62 3.35
3.78 76.15 3.86
3.99 33.16 4.13
4.19 15.65 4.84
7.51 128.27 7.67
6.61 73.89 6.67
Ant. FH 122.11
LFH 66.53
Average Face Overbite 2.18
Lower molar height 29.44
Upper molar height 21.04
Y-axis 76.07
MP 32.84
Occlusal plane 16.19
Ant. FH 127.60
LFH 73.30
* significant t-test comparison with p< 0.05
33
There were no significant pre and posttreatment differences in any of the subgroupings based
on facial height as described by posterior-anterior ratio.
The long face group was compared to the short face group for pre and posttreatment
measurements, and for absolute change during treatment (Table 12). The significant results are also
represented graphically in Figures 16-21.
Table 12: Short and Long Face Comparisons
Vertical Measurements
Pretreatment Overbite (mm)
Lower molar height (mm)
Upper molar height (mm)
Y-axis (degrees)
MP (degrees)
Occlusal plane (degrees)
Anterior Facial Height (mm)
Lower Facial Height (mm)
Posttreatment Overbite
Lower molar height
Upper molar height
Y-axis
MP
Occlusal plane
Ant. FH
LFH
Change in Overbite
Lower molar height
Upper molar height
Y-axis
MP
Occlusal plane
Ant. FH
LFH
* significant t-test comparison with p< 0.05
Long Face
Group
Short Face
Group
mean std. dev. mean
-0.18 2.79 !3.92
2.6629.85
20.78 2.96
73.68 3.51
42.71 3.61
21.51 5.20
134.81 7.29
178.75 5.44
1.08 0.89
30.97
20.98
73.72
43.08
21.98
135.65
79.74
1.26
1.12
0.19
0.04
0.37
0.48
0.84
2.79
2.88
3.61
3.94
3.93
6.87
4.86
2.63
1.18
1.49
1.00
2.04
1.60
1.740.98
29.12
std. dev.
3.36*
4.72
21.28 3.09
78.57 4.14"
21.77 3.17"
9.41 3.46*
122.11 10.59"
66.53 8.75*
2.59 1.24"
29.34 4.21
20.89 3.26
78.56 3.99*
22.06 2.38*
9.50 2.62*
122.73 9.95*
!66.68 8.16"
-1.34 2.65*
0.21 1.64
-0.39 1.47
-0.01 1.44
0.29 1.91
0.09 3.78
0.61 1.77
1.370.15
The long and short face groups differed significantly in the following measurements: pre and
posttreatment overbite, change in overbite, pre and posttreatment Y-axis, pre and posttreatment
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mandibular plane angle, pre and posttreatment occlusal plane angle, and pre and posttreatment anterior
facial height and lower facial height.
Figure 16" Overbite Comparisons, Grouped by PA ratio Facial Height
As seen in figure 16, the long and short face groups were significantly different in overbite
both before and after treatment. The short face group had a larger overbite both before and after
treatment, even though it was reduced significantly during treatment. The openbite group had less
overbite, both before and after treatment, even though it was significantly increased during treatment.
1 1
pretreatment postreatment
Y-axis Y-axis
----
Long face group
Short face group
Figure 17" Y-axis Comparisons, Grouped by PA ratio Facial Height
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As seen in figure 17, the long face group had a larger Y-axis angle than the short face group
both before and after treatment, and neither changed significantly during treatment.
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Figure 18: MP Comparisons, Grouped by PA ratio Facial Height
As seen in figure 18, the long face group had a larger mandibular plane angle than the short
face group both before and after treatment, and neither changed significantly during treatment.
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Figure 19" OP Comparisons, Grouped by PA ratio Facial Height
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As seen in figure 19, the long face group had a steeper occlusal plane angle than the short face
group both before and after treatment, and neither changed significantly during treatment
Figure 20: Anterior FH Comparisons, Grouped by PA ratio Facial Height
Figure 21" LFH Comparisons, Grouped by PA ratio Facial Height
As seen in figures 20-21, the long face group had a significantly larger anterior facial height
and lower facial height than the short face group, both before and after treatment. The long face group
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gained some facial height and lower facial height, and the short face group did not change during
treatment. The amounts of change were very small and statistically not different between the two
groups.
The important finding in this section is that the change in overbite from treatment was
significantly different (p 0.02) between the short and long face groups. As in the section comparing
deep and open bites, the only reason that the difference is significant is because the changes are in
opposite directions.
Extraction vs. Non-Extraction
The sample was divided into two groups based on whether or not posterior teeth were
extracted during treatment. Four bicuspid extraction, two upper bicuspid extraction, molar extraction,
asymmetric extractions all qualified. Extraction of a lower incisor qualified as non-extraction.
Pretreatment measurements were compared to posttreatment measurements for each of the
vertical dimension indicators for both groups (Table 13).
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Table 13: Pre and Posttreatment Comparisons, Grouped by Extraction
Pre- Post-
treatment treatment
Vertical Measurement mean std. dev. mean std. dev.
Extraction Overbite (mm) 1.95 2.21 2.22 1.45
Lower molar height (mm) 29.46 2.97 30.00 3.09
Upper molar height (mm) 21.46 2.97 21.90 3.02
Y-axis (degrees) 76.80 3.99 76.62 4.10
MP (degrees) 33.34 6.81 33.63 7.12
Occlusal plane (degrees) 15.97 5.44 15.17 6.05
Anterior Facial Height (mm) 128.24 7.76 128.77 8.06
Lower Facial Height (mm) 73.92 6.57 74.36 6.78
Non-Extraction Overbite 2.32 2.57 1.73 1.20
Lower molar height 29.43 3.86 29.60 3.58
!Upper molar height 20.51 3.48 20.85 3.50
Y-axis 75.25 3.83 75.60 3.88
MP 31.61 6.49 31.97 6.23
Occlusal plane 15.88 5.14 16.16 4.80
Ant. FH 127.18 9.54 128.07 9.21
LFH 71.98 8.42 72.74 8.26
* significant t-test comparison with p< 0.05
There was no significant difference between pretreatment and posttreatment for any variable
for either the extraction or non-extraction group.
The extraction group was compared to the non-extraction group for pre and posttreatment
measurements, and for absolute change during treatment. The results are in Table 14.
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Table 14: Extraction and Non-extraction Comparisons
Pretreatment Overbite (mm)
Posttreatment
Change in
Lower molar height (mm)
Upper molar height (mm)
Y-axis (degrees)
MP (degrees)
Occlusal plane (degrees)
Anterior Facial Height (mm)
Lower Facial Height (mm)
Overbite
Lower molar height
:Upper molar height
Y-axis
MP
Occlusal plane
Ant. FH
LFH
Overbite
Lower molar height
Extraction
Group
mean std. dev.
1.95 2.21
29.46
21.46
76.80
33.34
15.97
128.24
73.92
2.22
30.00
21.90
76.62
33.63
15.17
128.77
74.36
0.27
0.54
2.97
2.97
3.99
6.81
5.44
7.76
6.57
1.45
3.09
3.02
4.10
7.12
6.05
8.06
6.78
2.13
1.16
Non-
Extraction
Group
mean
2.32
29.43
20.51
75.25
31.61
15.88
127.18
71.98
1.73
29.60
20.85
75.60
31.97
16.16
128.07
72.74
0.17
Upper molar height 0.44 1.45 0.33
Y-axis -0.17 1.16 0.35
MP 0.29 1.10 0.36
-O.80 2.9O
0.53 1.44
0.44 1.49
Occlusal plane
Ant. FH
LFH
0.28
0.88
0.76
std. dev.
2.57
3.86
3.48
3.83
6.49
5.14
9.54
8.42
1.20
3.58
3.50
3.88
6.23
4.80
9.21
8.26
1.56
1.37
1.16"
1.34
2.83
1.34
1.29
* significant t-test comparison with p< 0.05
The extraction and non-extraction groups differed significantly in the following measurements:
change in Y-axis and change in overbite.
The mean overbite change for the groups was statistically significantly different (p 0.04).
The extraction group had an increase by 0.27 mm, while a mean loss of 0.6 mm was found in the non-
extraction group. The mean change in Y-axis was also statistically different (p 0.03), with the
extraction group having a decrease of 0.17 while the non-extraction group had an increase of 0.35.
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Elastics Use in Treatment
The sample was divided into two groups based on whether or not elastics were used or not
during treatment. Class II, Class III, and vertical elastics all qualified. Class I elastics were counted as
no elastic use.
Pretreatment measurements were compared to posttreatment measurements for each of the
vertical dimension indicators for both groups (Table 15).
Table 15: Pre and Posttreatment Comparisons, Grouped By Elastic Use
Pre-
treatment
Post-
treatment
mean std. dev. mean std. dev.
Elastics Overbite (mm) 2.04 2.19 1.99 1.33
Lower molar height (mm) 29.28 3.54 29.66 3.53
Upper molar height (mm) 20.80 3.57 21.31 3.53
Y-axis (degrees) 76.45 3.81 76.37 3.91
MP (degrees) 32.53 6.78 33.12 6.76
Occlusal plane (degrees) 16.34 5.71 16.06 6.26
Anterior Facial Height (mm) 127.56 9.00 128.56 8.97
Lower Facial Height (mm) 72.79 7.83 73.62 7.91
No elastics Overbite 2.20 2.58 2.01 1.41
Lower molar height 29.64 3.21 30.00 3.07
Upper molar height 21.31 2.82 21.57 2.98
Y-axis 75.73 4.16 75.95 4.15
MP 32.61 6.67 32.64 6.81
Occlusal plane 15.47 4.79 15.11 4.59
Ant. FH 128.01 8.16 128.34 8.16
LFH 73.35 7.13 73.66 7.05
* significant t-test comparison with p< 0.05
There was no significant difference between pretreatment and posttreatment for any variable in
either the elastics or the no elastics group.
The elastic group was compared to the no elastic group for pre and posttreatment
measurements, and for absolute change during treatment (Table 16).
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Table 16: Elastic Use and No-elastic Use Group Comparisons
Pretreatment
Posttreatment
Change in
Vertical Measurements
Overbite (mm)
Lower molar height (mm)
Upper molar height (mm)
Y-axis (degrees)
MP (degrees)
Occlusal plane (degrees)
Anterior Facial Height (mm)
Lower Facial Height (mm)
Overbite
Lower molar height
Upper molar height
Y-axis
MP
Elastic
Group
Upper molar height
mean
2.04
29.28
20.80
76.45
32.53
16.34
127.56
72.79
1.99
29.66
21.31
76.37
33.12
std. dev.
2.19
3.54
3.57
3.81
6.78
5.71
9.00
7.83
1.33
3.53
3.53
3.91
6.76
No-Elastic
Group
mean
2.20
29.64
21.31
75.73
32.61
15.47
128.01
73.35
2.01
30.00
21.57
75.95
32.64
std. dev.
2.58
3.21
2.82
4.16
6.67
4.79
8.16
7.13
1.41
3.07
2.98
4.15
6.81
Occlusal plane 16.06 6.26 15.11 4.59
Ant. FH 128.56 !8.97 128.34 8.16
LFH 73.62 7.91 73.66 7.05
Overbite -0.05 1.73 -0.18 2.43
Lower molar height 0.39 1.24 0.37 1.50
0.51 1.42 0.26 1.41
Y-axis -0.08
MP 0.59
0.22
0.03
-0.36
0.33
0.30
1.16
1.27
3.13
1.55
1.60
Occlusal plane
!Ant. FH
LFH
* significant t-test comparison with p< 0.05
1.00
0.83
1.20
2.67
1.12"
1.11
The elastic and no elastic groups differed significantly only in the following measurements"
change in mandibular plane angle and change in total anterior facial height.
The statistically significant difference (p 0.02) was that the elastic using group had a mean
increase of 0.6 in mandibular plane angle, while the non-elastic using group had a significantly smaller
increase of only 0.03. The statistically significant difference (p 0.02) was that the total anterior
facial height gain in the elastic using group was more (1 mm) than the increase in the non-elastic using
group (0.3 mm).
Discussion
This study evaluated vertical dimensional change in adult orthodontic patients in three ways.
First, pretreatment to posttreatment measures were compared within each group. Second, pretreatment
and posttreatment differences were compared between groups. Much of the data from this section
reinforced general characteristics of short and long face groups, for example that many short faced
patients have deep bites, and that many long faced patients have less overbite. The third set of
comparisons was an investigation of the differences in treatment effects between patient groups. In all
three sections, there is evaluation of changes that occurred compared to the (assumed) treatment goals.
The statistically significant data is reviewed, as is the implication of a lack of significant differences
between groups.
Intra-group Comparisons
The patient sample was divided into groups based on pretreatment vertical qualities, and by
treatments received. The comparison ofpretreatment to posttreatment for each measurement variable
within each group revealed that the only significant changes that occurred were: the reduction of
overbite in the deep bite group, the increase in overbite in the openbite group, and the reduction of
overbite in the short face group. All of these results were expected and in the direction of treatment
goals. Many other measurements revealed changes (for example lengthening of facial height in the
deep bite group), but the amount of change was statistically insignificant when compared to the large
absolute size for the measurement. For example, mm of facial height increase is not statistically
significant for an absolute facial height of 122 mm. Overbite is a small measurement, so that statistical
significance can be found with a small amount of change. The direction and amount of change during
treatment for each variable are better indicators of differences between the groups for the larger
measurements.
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Inter-group Comparisons and Treatment Effects
Different vertical dimension variables were compared between groups. They will be review by
grouping method.
Open bite vs. Deep bite
The deep bite group was compared to the open bite group for all pre and posttreatment
measurements (see Table 7). There were many anticipated differences, most supporting typical
characteristics of the average deep bite/short face or open bite/long face patient. The overbite was
significantly less for the open bite group, both before and after treatment. The mandibular plane was
steeper for the open bite group, both before and after treatment. The open bite group had a significantly
longer total and lower anterior facial heights, and upper and lower posterior dentoalveolar heights, both
before and after treatment. All of these results support the concept that open bites are associated with
long faces, and deep bites with short faces. They also support the idea that, even with good treatment,
an open bite adult cannot usually be transformed into a deep bite adult.
The evaluation of the magnitude and direction of changes that occurred during treatment of
the deep and open bite groups revealed two results (see Table 8). First, the two groups had a roughly
equal magnitude of overbite change, but in opposite directions. This would tend to indicate an
achievement of overbite treatment goals, or at least a general improvement in the planned direction.
Second, there was a significantly larger increase in total anterior facial height in the deep bite group.
While this increase in facial height was not likely a treatment goal, it is perhaps the result of the
mechanics used for reducing the overbite and the lack of effort made to control the vertical side effects.
As a deep bite patient is frequently also a short face patient, the increase may not have been detrimental
the facial esthetics, and may have helped open the bite. The small change in facial height of the open
bite group illustrated the generally good control of vertical dimension during treatment, even without
the use of headgear.
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The average change in facial height was 1.2 mm in the deep bite group and 0.2 mm in the open
bite group. Romani and Nanda [47] investigated the ability of both orthodontists and lay people to
visually discern changes in profile. They found that both sets of people were relatively sensitive to
horizontal changes, but relatively insensitive to vertical changes in profile (unable to discem up to
10mm change). The observed changes in vertical dimension in this study seem to fall within a
clinically negligible and visually imperceptible range. In addition, both values fall within the estimated
method error. The results are therefore of questionable clinical significance.
Long face vs. Short face
The patient sample was divided by two separate methods into short, long, and average facial
heights. The long face group was compared to the short face group for all pre and posttreatment
measurements (see Tables 9 and 11). Both methods produced significant results that were expected.
With both methods, the following were statistically significant differences between the long and short
face groups, both before and after treatment: less overbite, steeper mandibular plane angle, longer total
anterior facial height, and longer lower facial height in the long face group. Findings differed between
the two methods. Qualification of facial height by percentage lower facial height illustrated that the
long face patients had significantly longer posterior dentoalveolar heights (both upper and lower), both
before and after treatment. Qualification of facial height by the posterior to anterior ratio illustrated that
the long face patients had significantly steeper occlusal planes and Y-axis angles, both before and after
treatment.
Evaluation of the magnitude and direction of changes during treatment of the long and short
face groups showed two results (see Tables 10 and 12). First, the short and long face groups (based on
PA ratio) had roughly equal changes in overbite during treatment, but in opposite directions. As in the
division based on overbite, the short face group decreased in overbite, and the long face group increased
in overbite. This illustrates the general trend of association of short faces with deep bites and long faces
with open bites, and the trend towards achievement of treatment goals. Second, there were significantly
greater increases in total and lower anterior facial heights in the short face group (based on % lower
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facial height). As in the division based on overbite, it is not likely that the increases in facial height
were treatment goals, but were permitted since they would not be detrimental to the patient’s esthetics.
The changes caused by treatment were small: 1.48 mm anterior facial height increase and 1.02 mm
lower facial height increase in the short face group, with almost no facial height increase in the long
face group. The amount of change falls within a clinically negligible and visually imperceptible range.
They are of questionable clinical significance, and fall within the measurement error.
Extraction vs. Non-extraction
The extraction group was compared to the non-extraction group for all pre and posttreatment
variables (see Table 13), and no statistically significant differences were found, although the extraction
group did have less overbite, steeper mandibular plane angle, and longer facial height.
Evaluation of the differences between the two groups from treatment effects showed two
results (see Table 14). First, the extraction group had a significantly different overbite change (gain of
0.27 mm) from the non-extraction group (loss of 0.6 mm). This makes sense within the context of arch
length discrepancies. Often, crowding is resolved in a non-extraction case by way of incisor flaring,
with a relative overbite decrease as a result. In an extraction case, there could be incisor retraction, with
a relative increase in overbite, which may or may not be corrected later. Second, the extraction group
had a significantly smaller increase in the Y-axis angle (0.17) than the non-extraction group (0.35).
These values are again extremely small in the overall clinical picture, and of questionable relevance.
These extremely small changes in vertical dimension are consistent with the findings of other studies
[35-40], where virtually no difference was noted in the vertical dimension between extraction patients
and non-extraction patients.
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Elastics Use
The elastic using group was compared to the non-elastic using group for all pre and
posttreatment variables (see Table 15), and no statistically significant differences were found. There
were virtually no discemable differences between the groups in any vertical dimension variable.
Evaluation of the differences between the two groups from treatment effects showed two
results (see Table 16). First, the elastic using group had a significantly larger increase in mandibular
plane angle (0.6) than the non-elastic using group (0.03). Second, the elastic using group had a
significantly larger increase in total anterior facial height (1.0mm) than the non-elastic using group
(0.3mm). These changes would not be unexpected during treatment because of the posteriorly extrusive
side effects of Class II (and Class III) elastics. The change in adult vertical dimension found by Dyer,
Harris, and Vaden [24] were very similar (increase of anterior facial height of 0.93mm and change in
mandibular plane angle of 0.57 to those of the elastic using group in this study. All of their patients
used Class II elastics for an average of one year, and many used a j-hook high pull headgear. No
discemable change in occlusal plane angle occurred in this study, but there was a 4.4 steepening of the
occlusal plane in the Dyer et al study. The difference may be due to the difference in treatment
mechanics use. However, the amount of change found both studies were extremely small and clinically
negligible.
While this study evaluated a broad range of patients, treatments, and practitioners, there were
problems common to any clinical retrospective study. There are many confounding factors that a large
enough sample size should compensate for. Several directions could be taken in follow up studies.
With a larger sample size, more car6fully matched groups could be compared, with control for length of
treatment, length ofuse of elastics, and treatment mechanics. Such more refined comparisons,
however, seem unlikely to lead to better, more useful clinical information.
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Points of Contention
Procedural difficulties included problems with actual identification of molar height landmarks,
due to multiple metal restorations and the mutilated dentitions ofmany of the patients. Several layers
of error were compounded in the tracing, digitizing, and measurement steps of the process. There were
likely unavoidable magnification differences among different films, and even between the two films for
each patient. The method error was fairly large, especially in the one variable found most frequently to
have been significant between groups (total anterior facial height).
It is possible that a different approach could be taken in the analysis of the same data. The
whole sample could be divided up on the amount vertical increase experienced. Regression analysis
could be done with the pretreatment characteristics and treatment modalities (including headgear use) as
independent variables to find predictors of large vertical dimension change in treatment.
The most interesting findings demonstrated greater increases in anterior facial height in the
short face and deep bite groups. Did the short face/deep bite patients inherently experience more facial
lengthening from treatment, or did the clinician allow the facial height increases to occur because the
patients could benefit from the lengthening of face height? There is no way to answer this question
with this data. More carefully controlled and matched prospective studies would be needed. Whatever
the answer, the conclusion is that the largest average amount of facial height increase was only 1.5 mm.
This occurred in groups that could possibly benefit from the change but is very small and questionably
of clinical significance.
While this study evaluated females over the age of sixteen, and males over the age of eighteen,
one could argue that the younger patients in the sample may have had some residual growth remaining,
thus contributing to the facial lengthening seen in the groups. The concept of post-adolescent facial
growth [48] has its merits, but the amount of vertical growth experienced in the average length of
treatment (25 months) would likely be even less than other kinds of error.
It is important to discuss the post-orthodontic stability of the changes incurred during treatment
of adults. Some investigators have found that a flattening of the mandibular plane or forward rotation
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of the mandible can occur up to and past the age of 20 years [49]. It has also been suggested that a
mandible that is rotated back during treatment will relapse back to its pretreatment position. Others
have found that when the Y-axis is opened, or the mandible is rotated back during treatment, relapse
back is very small, and the change is roughly permanent [50]. Slight opening rotations of the mandible
and increases in facial height that occurred in the deep bite and short face groups should be considered
permanent, especially if the patient is well over their post adolescent stage. This is good news if the
patient benefited from the change, but one should not hope for relapse if the changes were not
beneficial.
Conclusions
Practitioners should treat adult orthodontic patients with the understanding that vertical
dimension control can be crucial during adult treatment. We are unfortunately often limited in our
vertical control options in these situations of greatest need. This study attempted to measure the vertical
changes that result not from poor vertical control, but from the inherent difficulties of vertical control
during treatment of adults.
Short face patients (as determined by posterior-anterior ratio or lower facial height
percentage), patients with deep overbite, patients to be treated with intermaxillary elastics, and those to
be treated without extractions, need to be evaluated very carefully before and during treatment, as they
have the higher risk of experiencing an increase in vertical dimension or backward mandibular rotation.
This study evaluated 99 adult patients treated without the use of headgear, and it is significant
to note that the worst mean increase in vertical facial heights was 1.5 mm, a very small number. It is
questionable whether an increase in facial height of that magnitude would even be noticeable to the
untrained eye. One of the chief goals in orthodontic treatment is to treat the patient’s malocclusion
while improving the patient’s facial esthetics. This study can lead towards the conclusion that small
increases in vertical dimension do not damage a patient’s esthetic profile. Reasonable success was
achievable, even without the use of headgear for vertical control.
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